In December 2005, an Environmental Strategic Plan (ESP) was adopted by the Town of Oakville Council. A priority for action in the ESP was the development of a set of environmental health indicators by which to measure the state of Oakville's environment. These indicators will form the basis of a regular "State of the Environment" report for Oakville. The scope of the ESP is broad, in that it encompasses natural resources (biodiversity), waste management, transportation, heritage issues, safety, economic development, and human health and wellbeing. While the ESP is not a sustainability plan per se, it will be integrated, along with other Town master plans, into a Town sustainability plan. The indicators for the ESP would comprise part of the indicator suite within an overall sustainability model. This paper describes the process that the Town of Oakville undertook to develop a first set of environmental health indicators.
Introduction
The Town of Oakville is a community of approximately 165,000 on the north shore of Lake Ontario (Figure 1 ). In early 2003, the Town of Oakville made a commitment to develop an Environmental Strategic Plan (ESP). The Town and its citizens were clear that the ESP should develop a vision, outline goals, and establish measurable targets and the means to achieve environmental protection and improvements throughout the entire geographic area of Oakville. The development of the Plan was an opportunity for residents, commercial interests, industry, community associations, educators and other community groups to identify what could be done to protect and improve the environment of the Town of Oakville [1] . This paper outlines the rationale and process that led to the development of a draft set of indicators.
Background
In the context of this paper, an indicator is a tool that provides information about the state of a geographically defined system -in this case the Town of Oakville. Indicators provide information about conditions at a particular point in time. To be useful, however, indicators need to provide information about trends over time. Furthermore, the indicator needs to have an end point or reference value or bench mark against which one can measure progress, or lack of progress over time. The best way to track trends in the condition of a system over time is through the development and use of a set or "suite" of indicators. By looking at a number of indicators together, one can see whether the system is improving, remaining stationary or is deteriorating [2] . In addition, environmental variables are numerous and sometimes complex; municipalities are limited in resources and it may not be feasible, to measure everything in an ecosystem, hence the demand for indicators.
Through the development and use of a set of indicators, the municipality and citizens of Oakville can:  assess changes in the state of the local ecosystem and measure progress towards achieving the goals of the ESP;  understand better how actions can affect the ecosystem, and the types of programs, policies or regulations needed to address the environmental impacts;  gain a clearer understanding of existing (and emerging) environmental problems and their solutions;  collect information that will help managers better assess the success of current programs and provide a rationale for future ones, including best management practices (BMP); and  collect information that will help set priorities for data collection, monitoring and environmental action.
Using indicators also provides a way of linking the Vision, Goals and Actions for the ESP to specific quantitative targets that will help determine if actions are being successful ( Figure 2 ). This "hierarchy" is best described by using an example of a potential indicator, such as the outdoor air quality in Oakville. For this to be a useful indicator, two things are needed -information on existing air quality for a number of measurable parameters (e.g. particulate matter, ozone) and the standards (end points) that have been established for these parameters for urban areas in Canada. For some indicators such as invasive species, agreeing on the end point will require additional discussion with stakeholders [2] . 
Selection of a system for types of indicators
Since 1992, several countries and international organizations have developed a system of indicators suited to their particular geographic setting, spatial scale and economic and environmental context [3] [4] [5] [6] [7] [8] [9] . The Organisation of Economic Cooperation and Development [10] 
Use existing information
In developing a set of indicators, the Town was mindful of existing information databases, and built upon those. In a municipal context, there will never be enough resources (money or people) to carry out all the monitoring that is required, so the Town must look at information that is already available, and use it. As indicators were developed, they were referenced to existing or proposed indicators in the literature. From all of the indicators suggested, a subset was selected based on the criteria below, and then further refined, combined or modified to best represent the ecosystem component under consideration [2] .
Indicator selection criteria
In selecting indicators, the Town developed a list of factors or criteria that were used to select the best set of indicators. These criteria included: Necessary: Are the indicators necessary to give us the information we need to assess the state of the environment and the success of the ESP? Sufficient: Will the indicators provide sufficient information to give a picture of the overall health of the environment? Feasible: Is it feasible (economically and in terms of human resources) to collect information needed for the indicators [2]?
The development of targets for an indicator
An indicator is useful if one can track progress; this means knowing what one wants to achieve by a specific date. Although it is important to have endpoints, a recent study carried out on behalf of the Region of Waterloo noted that the practice of target setting was still in its infancy [11] . Overall, universal standard targets are not yet established among municipalities, and often the target setting process involves making compromises by taking into consideration available scientific information and analysis, political considerations, local concerns, and the sustainability vision of the local community.
Limitations of indicators and environmental reporting
Many parameters can be used to represent water quality or trends in biodiversity, but any one parameter cannot adequately reflect the full scope of water quality or biodiversity. In addition, a particular parameter may be important in one location, but not in another, depending on the ecology of the area. Data limitations can also contribute to weak environmental reporting in key areas, including water quality, biodiversity, and toxic substances. As a result of budget cutbacks in water quality monitoring, for example, data sets may be incomplete and inconsistent over time, or use different measurement protocols in a time series -all of which are problematic for rigorous indicator development. In addition, municipalities need to rely on other agencies for data, and need to establish formal data sharing / access agreements.
Furthermore, SOE reporting using environmental indicators may inform decision-makers that the environmental condition and trend is "mixed," meaning that it cannot be determined whether conditions are improving, stable, or are becoming worse. This can lead to confusion, inattention and inaction by policymakers and the public alike. These mixed messages might arise because the environment is complex, the underlying science or the data are limited or incomplete, or the indicators have been developed or interpreted at the wrong level or scale [12] . officials and a consultant, developed a draft ESP by late 2004. The ESP was based on an extensive public opinion survey [13] that had been conducted just prior to the commencement of the Task Force's work. The Survey identified broad areas of interest / concern that the Task Force used to establish Goals for the ESP. Under each Goal, the Task Force identified specific actions to be undertaken and targets met to achieve the goal. A part of the ESP, the Essential Next Steps, identified actions that the Town needed to take immediately upon adoption of the ESP. In 2005, the Town Council adopted the ESP, and established an Environmental Strategic Plan Advisory Committee. One of the Committee's first acts was to begin development of a set of indicators based on the actions identified in the ESP.
The ESP was reviewed in detail using a logical, deductive reasoning approach to draw out major themes, goals and concerns that were highlighted in the ESP's goals, actions and targets. An open-coded and textual approach was used, meaning that there were no pre-existing categories prior to review and the ESP text was analyzed for common themes and indicator potential. Each of the ESP's goals, actions and targets was evaluated using the indicator criteria discussed above to determine if it could potentially be transformed into an environmental or performance indicator. All the actions and targets in the ESP were grouped together based on similarities between them. For example, several actions and targets relate to aquatic habitat, so these were grouped under a heading of 'aquatic habitat' within the Goal of Natural Resources.
From this process, both environmental and performance indicators were developed. Data could be collected over time to populate these indicators to report on trends and changes to the state of Oakville's environment. The performance indicators were designed to highlight the progress achieved or needed to obtain various management and community objectives and targets.
Each proposed indicator was reviewed with the Pressure-State-Response model in mind and written based on a structure developed through the State of the Lakes Ecosystem Conference [14] . Data to populate as many of the indicators as possible were assembled from local (Oakville), Regional (Halton Region) Provincial (Ontario) and some limited National (Canada-wide) data sets.
Results
One indicator (Outdoor Air Quality) is presented here as an example of the 17 indicators proposed ( Table 1 ). The indicators are grouped into six Focus Areas that are based on the ESP goals.
Outdoor air quality
This indicator will eventually report trends in local air quality and impacts on human health as a result of transported and locally generated air pollutants, using the Air Quality Health Index [16] . Information from the indicator will provide information that will assist in:
www.witpress.com, ISSN 1743-3541 (on-line)  directing and assessing programs and policies for reducing local causes of air pollution;  supporting increased transit and alternative transportation use;  demonstrating the human health impacts of poor air quality;  reporting requirements to the Provincial government;  directing and assessing programs and policies related to alternative transportation. Illnesses such as asthma are associated with air pollution and smog and every year, the environmental and health damages associated with air pollution cost the Ontario economy billions of dollars [17] . Air quality in the Town of Oakville is affected by a number of sources including pollution from other communities in Canada and the United States, and local point source and moving source (vehicular) pollution. There are a number of components that create air pollution and smog, Because of their impact on health, the two that are of greatest concern are ground level ozone (O 3 ) and fine particulate matter (PM 2.5 ).
Measures comprising the indicator
The Canadian Council of Ministers of the Environment has adopted Canada Wide Standards for ozone (65 ppb, 8-hour averaging time) and PM 2.5 (30 μg/m 3 , 24-hour averaging time) [18] . Data for Oakville for ozone and PM 2.5 are shown in Figures 3 and 4 respectively.
The Air Quality Index (AQI) is a composite index that was developed by the Ontario Ministry of Environment [19] . It is based on measurements of some or all of the six most common pollutants: sulphur dioxide, ground-level ozone, nitrogen dioxide, total reduced sulphur compounds, carbon monoxide and fine www.witpress. com, ISSN 1743-3541 (on-line) particulate matter. During any given hour, the pollutant with the highest value becomes the AQI reading. Based on the value, AQI is translated to a category ranging from Very Poor to Very Good. Data for 2007 are shown in Figure 5 .
To address some of the shortcomings of the AQI, the Air Quality Health Index (AQHI) is a new national health based index that provides separate recommendations for healthy people and those with breathing problems by using a score derived from a combined reading of ozone at ground level, nitrogen dioxide and particulate matter. These three pollutants were selected based on their impacts to human health [16] . The Ontario Ministry of the Environment has estimated that transboundary air pollution accounts for more Ontario deaths attributable to air pollution (56%) than air pollution generated within Ontario (44%) [20] . The Ontario Medical Association has estimated the number of premature deaths in Ontario due to smog ( Figure 6 ) [21] . Unfortunately, the uncertainty surrounding exposure and risk limits our ability to calculate reliable local estimates of the potential impact of air pollution on mortality. Smog related premature deaths in Ontario by age.
Limitations
Air pollution does not have boundaries, thus, it is difficult to accurately track the impact of local air quality improvement initiatives. Emissions and poor air quality from other Canadian sources and the United States, impact the Town of Oakville's air quality. Differences in weather from one year to the next complicate analysis of ambient trends. Ozone and fine particulate matter can be elevated during hot summers and drought conditions result in higher particulate matter levels due to increased fugitive dust emissions. In urban centres, pollutant concentrations increase along busy streets, particularly during peak hours of traffic. The air that people actually breathe at street-level can differ significantly from the ambient air upon which AQI reports are based. Another shortcoming of the AQI is that it does not consider the potential cumulative or synergistic effects of different pollutants present in the air at the same time. The AQI assesses each pollutant independently, and hourly AQI ratings are based solely on the pollutant with the highest rating during that time.
Discussion
The process of indicator identification and development took just over one year (2007) (2008) . The various drafts of indicators were reviewed and approved by the ESP Advisory Committee. In early 2009, a State of Environment Report (SOER) for Oakville was released. The Report was based on the indicator set described in this paper. This report will be updated and issued annually. Every five years, starting in 2010, the Environmental Strategic Plan will undergo a comprehensive review to determine the level and success of implementation of the Plan. Parallel to this ESP review, the SOER will also undergo a review to determine whether: the indicators are still appropriate for the SOE report, or should be deleted; there are other indicators that could be used to produce more meaningful results; there are data sources that have not been utilized; there is funding available to allow for data collection and reporting of indicators that previously had not been reported; there are better ways of displaying the information in the reports; and the Town and its citizens are using the information in the SOE reports, and if not, why.
The The indicators are particularly relevant to the Integrated Community Sustainability Plan [22] . This is required by the Canadian Federal Government by 2010 in order to receive Federal Gasoline Tax (FGT) funds. The Association of Municipalities of Ontario (AMO) in its A Sustainability Planning Toolkit for Municipalities in Ontario [22] notes that "the existence of an Official Plan is sufficient, at a minimum, to meet the requirements of the FGT Agreement. However, the AMO provides guidance regarding what the underlying expectations are of the municipal planning process. ….. a municipality should: "…demonstrate …that the municipality has: 1) a coordinated approach to community sustainability; 2) reflected and integrated social, cultural, environmental and economic sustainability objectives in community planning; 3) collaborated with other municipalities where appropriate to achieve sustainability objectives; and 4) engaged residents in determining a long-term vision for the municipality."
The impact of the use of the FGT funds will be measured through a set of core indicators measuring a) Cleaner Air; b) Cleaner Water; and c) Lower Greenhouse Gas Emissions. The indicators developed through the ESP will give Oakville a sound footing upon which to build a reporting system for the funds.
The indicator development process outlined in this paper is one that can be used by any municipality with the vision and with adequate institutional capacity to carry out the process.
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